The line intercept technique, essentially that developed by Canfield (1941) ) has been a useful measurement procedure in range investigations. Some of the criticisms of this technique have qnvolved the subjectivity of the method, the time which it takes to locate and read line transects, and the difficulty in replacing line transects in the original positions for rereading.
Many of these objections may be overcome by application of the technique for locating study units as explained by Van Dyne (1959) and by the use of the mechanical range measurement device described by Fisser and Van Dyne (1960) . Line transects may be installed and relocated rapidly, and highly objective repeatable readings may be made by using these techniques.
The se techniques have been used successfully during the last two field seasons. Use of these procedures has resulted in the collection of an immense volume of data which made necessary adequate
Vegetation of the study area
These investigations were conducted on a southcentral
Montana foothill range containing a 
Field procedures
Two techniques, manual recording and a portable tape recorder (Figure 1) , were used in the field to record data. Taped data were later transcribed onto the special forms by non-scientific personnel. Most of the data were tape recorded to better utilize the time of trained personnel in the field work. Approximately 6 to 8 minutes of recording time were necessary per transect as compared to 15 to 25 minutes of reading time. In the field, the tape recorder was powered by either a 12-volt or a llO-volt electrical system.
The forms on which the data were recorded have a location at the top of the page for control information regarding the study, such as project number, location, treatment, and replication.
The intercepts were verbally recorded by reporting first a type code; second, the name symbol of a species or other intercept; and third, the point where that particular intercept began. The front of the form used for recording data. This form was used for re-:ording directly in the field and for recording transcribed data which were dictated in the field.
ure 2 shows a completed form. Intercept position numbers are a part of the field forms and are used in studies of species interrelationships.
Coding of intercept data
Each species was given a type code number, depending upon its growth form, to aid in summarization of data by growth form for tabular presentation or for statistical analyses.
The type code numbers from 10 through 19 were reserved for vegetation intercepts, the numbers from 20 through 29 for intercepts on animal material, and the numbers 30 through 39 for intercepts on mineral materials. This organization of type codes has allowed for rapid machine summarization and analyses for these major groupings.
Within each of the type groups there were various sub-groupings as shown in The coded plant names were composed of six-letter symbols. The first four letters of this symbol were a standard species symbol involving the first two letters of the generic name and the first two letters of the species name. The fifth letter position in this symbol was normally left blank, but was used in a few cases for control of duplication of symbols.
For example, 10 STCO is the coding for Stipa comata, as well as for Stipa columbiana, both being perennial grasses. In this case, a "2" was recorded after the symbol for St ip a columbiana indicating it was the second most common perennial grass species with the symbol 10 STCO. Two species of different growth forms, in some instances, had the same symbol such as CHVI for Chrysothamnus vicidiflorus and Chrysopsis villosa. In this example, however, since the two species are of a different growth form, there is no need for a duplicate control number as they can be separated by the type code. The sixth possible letter in the name was used to record supplementary inf ormation regarding the hit. For example, a "D" was recorded in this column for dead material of the particular species involved, an "0" for an overstory hit, an "S" for a seedling.
Upper case letters were used throughout to minimize confusion because the IBM equipment printed only upper case letters.
Type were used to record hits on fecal material of rodents, cattle, sheep, and horses, respectively. Type codes 31, 32, and 33 were used to code the mineral hits of bare ground (B) , rock (R>.03' diameter) , and erosion pavement (.Ol' <P<.O3'), respectively. Appropriate one-or two-letter abbreviated name symbols were used to record all animal and mineral intercepts and litter.
Intercepts were recorded in the nearest 0.01 foot along the five-foot transect lines. A useful LINE INTERCEPT DATA check in recording data is apparent in that each successive intercept must begin on a higher number than did the preceding one. A "500" was entered as the last "beginning of intercept" without any species name for purposes of machine calculation of the length of intercepts.
Compilation procedures
After the transect data field sheets were briefly reviewed and obvious errors corrected, the material was taken to the Statistical Laboratory for key-punching (IBM 026). Key-punching was a rapid process, approximately 500 to 600 cards per hour, due to the nature of the special field form used in collecting the data. After the data were key-punched, the cards were verified.
A process involving the reading of two successive cards in different card-reading cycles in the tabulator (IBM 402) was used in determining the length of each intercept.
The end of a given intercept is determined by the beginning of the following intercept. In this procedure, the first card was run into the tabulator and at the second reading position its intercept was compared to that of the following 249 card at the third reading position. (A wiring diagram for the IBM 402 for this procedure is available on request.) All control data, the intercept number, the type and name, the beginning of the intercept, the end of the intercept, and the length of the intercept were punched on a separate card on the reproducer (IBM 514).
The cards were then sorted alphabetically by species within plant groups and a complete list of the data was made for each transect. Figure 3 shows a list of the data from the transect shown on the form in Figure 2 . Figure  3 were due to obvious recording or punching mistakes and were easily corrected.
Summarizing for species and plant groups
Sorting the cards of data into order of plant names (alphabetically) within type codes for each transect was accomplished at a rate of approximately 600 cards per minute using the IBM 082 sorter. On any one transect a given species may have occurred several times, thus several cards contained data for that species on the line. These data were summarized on the tabulator so that a minor total was made of the intercepts on all cards of each species occurring on the transect, an intermediate total was made of all the intercepts of the species of a given type code, and a major total was made of all the intercepts on the transect. The latter total, necessarily 500, provided a means for a simple check. In addition to printing and punching the total length of intercept for each species, type, and transect, the total number of times the intercept occurred was punched in the card.
The data from the transect presented on the field form in Figure 2 and listed by species in Figure 3 are shown in summarized form in Figure 4 . The list shown in Figure 4 provides a means of rapidly assessing the importance of different species over the experimental area and an excellent opportunity for a last visual check before statistical analyses.
Statistical analyses
These data were collected from a project which was designed as a three square factorial with three replications, four plots per treatment, and two transects per plot. A standard program deck has been punched for this analysis, so that the necessary computations may be conducted easily with the IBM 650 electronic computer. (This is North Carolina State program 6.4.001.1 for the IBM 650.) It took approximately 6 to 8 minutes to conduct an analysis of variance on a given variable. The data obtained from this analysis includes all the information that is necessary for the analysis of variance table except for "F" determinations which can be easily computed with a hand calculator. Figure  5 shows the sums of squares, degrees of freedom, and mean squares attributable to the various factors in an analysis of variance of the basal cover of blue grama grass. Analysis of variance may be easily conducted for an individual species or for a group of species such as perennial grasses, all mineral intercepts, or all miscellaneous vegetation.
The necessary mean squares were summed on a desk calculator and the F values were determined by use of a desk calculator. The mean values for the factors desired are easily computed on the IBM 650 electronic computer.
Evaluation of procedures
The procedures described for collection, processing, and analysis of line intercept transect data are sufficiently flexible to be used in recording other types of measurement data. Similar procedures have been used successfully in processing and analyzing weight data, height data, and counts of plants.
Additional range plant characteristics may be coded for grouping in analyses such as grazing response, season of growth, and height class.
Coding of range plant names by alphabetic symbols was very useful in the field work due to the flexibility of the system. Coded range plant names were also conveniently read on punched cards and tabulated data. However, sorting cards alphabetically involved approxi-LINE INTERCEPT DATA 251 * mately twice the time as sorting on numerical information.
The use of electronic data processing equipment is r el atively new to many range researchers and administrators, and considerable time must be spent in securing an understanding of the equipment and procedures.
These procedures have provided for the collection of a maximum amount of data during a short field season. The data are collected in such a manner that non-scientific personnel may transpose them to standard forms. The electronic data processing equipment used prior to statistical analyses is very economical compared to hand tabulation. The statistical analyses are very rapid compared to the use of and checking by desk calculators. The accuracy of the data, completeness of analyses, and earliness of availability for publication purposes all favor these techniques.
